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Light Pseudo-Goldstone Higgs Boson from SO(10) GUT with Realistic Phenomenology
Zurab Tavartkiladze∗
Center for Elementary Particle Physics, ITP, Ilia State University, 0162 Tbilisi, Georgia
Within the supersymmetric SO(10) grand unified theory (GUT), a new mechanism, giving the
light Higgs doublet as a pseudo-Goldstone mode, is suggested. Realizing this mechanism, we present
an explicit model with fully realistic phenomenology. In particular, desirable symmetry breaking and
natural all-order hierarchy are achieved. The constructed model allows one to have a realistic fermion
pattern, nucleon stability, and successful gauge coupling unification. The suggested mechanism
opens prospects in the field for a novel SO(10) GUT model building and for further investigations.
PACS numbers: 12.10.Dm, 12.60.Jv, 11.30.Fs
I. INTRODUCTION
Despite enormous success, the Standard Model (SM),
failing to explain several observations, needs to be ex-
tended. Making steps beyond the SM, the grand uni-
fication theory (GUT) [1] is a highly motivated and el-
egant idea. The best candidate for GUT model build-
ing is the SO(10) group [2], whose spinorial 16i-plets
(i = 1, 2, 3), together with SM matter, include right-
handed neutrino νc states (one per generation) – 16i =
{q, uc, dc, l, ec, νc}i. Thus, within the SO(10) GUT, the
most compelling seesaw neutrino mass generation mech-
anism [3] finds a natural realization, accommodating the
data from various neutrino oscillation experiments. As
shown, the same mass generation mechanism can gen-
erate the observed baryon asymmetry through leptoge-
nesis [4]. Towards circumventing other problems, the
supersymmetric (SUSY) extensions turn out to be a re-
lief. SUSY ensures the stability of the weak scale. The
SM’s minimal SUSY extension (MSSM) leads to success-
ful gauge coupling unification [5] (a necessary ingredient
for GUTs) and includes the viable dark matter candidate
– the neutralino.
Although there are numerous merits of the SUSY
SO(10) GUT (we study henceforth), the most challeng-
ing problem – the doublet-triplet (DT) splitting problem
– (together with other puzzles we address below) needs
to be taken seriously [6]. The missing vacuum expecta-
tion value (VEV) mechanism, proposed earlier [7], en-
abling one to have quite realistic constructions [8–13],
triggered an intense investigation in the field [13]. An
alternative, and perhaps most elegant, idea for resolving
the DT problem is the pseudo-Goldstone boson (PGB)
mechanism, which proposes the light Higgs as the PGB
[14, 15]. However, so far, attempts to realize this idea
within GUTs, have been successful only within SU(6)
gauge symmetry [15–17]. Obviously, it would be very
exciting to find a possibility for the PGB mechanism re-
alization within the SO(10) GUT.
In this paper, the first time within the SUSY SO(10)
GUT, I propose the possibility for the Higgs doublet su-
permultiplets emerging as light PGBs. The model, I
present, turns out to be fully realistic. Consistent GUT
symmetry breaking is achieved, and the MSSM Higgs
doublets are light pseudo-Goldstones, even after taking
into account all allowed high-order operators. The model
I construct offers a realistic fermion pattern, nucleon sta-
bility, and successful gauge coupling unification. Because
of these issues (usually turning out to be severe problems
for various GUTs), I find the presented SO(10) model to
be quite successful.
The mechanism proposed in this paper opens the door
for future work to build varieties of PGB SO(10) models
and investigate their phenomenological implications.
II. THE SETUP AND THE MECHANISM
First, I describe the PGB mechanism within the SUSY
SO(10) GUT and then, on a concrete model, demon-
strate its natural realization. The minimal superfield
content, ensuring SO(10)→ SU(3)c×SU(2)L×U(1)Y ≡
GSM breaking, is {45H, 16H , 16H} [and possibly some
additional SO(10) singlet states]. Thus, the symmetry-
breaking scalar superpotential WH consists of three
parts:
WH =W
(45)
H +W
(16)
H +W
(45,16)
H , (1)
where W
(45)
H and W
(16)
H involve separately 45H and
{16H, 16H}-plets, respectively. The W (45)H , including
some powers of 45H (such as 45
2
H , 45
4
H , . . . ), is respon-
sible for fixing the VEV 〈45H〉 towards the desirable
direction. The W
(16)
H fixes the VEVs of 16H and 16H
in their νcH , ν
c
H scalar components and can be W
(16)
H =
S(i16H16H + v
2
R), where S is the SO(10) singlet. The
condition FS = 0, together with D-flatness, would fix
〈νcH〉 = 〈νcH〉 = vR. For us, it is essential that the
terms like (16H16H)
2 and 16H16H45
2n+1
H are absent or
are properly suppressed (will be explained below). The
superpotential W
(45,16)
H includes couplings of 16H16H
with only even powers of 45H (this can be guaranteed
by discrete symmetries), such as 16H45
2
H16H . Without
W
(45,16)
H , theWH has global symmetry SO(10)45×U(16)
[e.g., W
(45)
H possesses SO(10)45 symmetry, while the
W
(16)
H has U(16) global symmetry]. With the VEVs 〈νcH〉
2and 〈νcH〉, the breaking U(16) → U(15) happens and
pseudo-Goldstone states emerge. Clearly, those modes
(at least some of those) would gain masses by including
the terms of W
(45,16)
H . Our goal is to see if it is pos-
sible to arrange the couplings such that MSSM Higgs
doublets emerge as light pseudo-Goldstones while all re-
maining states acquire large masses. It turns out that in
this setup this is indeed possible.
Assume that the 45H has a VEV towards the B − L
direction 〈45H〉 ∼ VB−L. Thus, with SO(10)→ SU(4)c×
SU(2)L × SU(2)R decomposition
45H = Σ(15, 1, 1) + ΣR(1, 1, 3) + ΣL(1, 3, 1) + (6, 2, 2), (2)
the SU(4)c’s adjoint Σ(15, 1, 1) have the VEV 〈Σ〉 =
VB−L ·Diag (1, 1, 1,−3), causing the breaking of SO(10)
gauge symmetry down to G3221 ≡ SU(3)c × SU(2)L ×
SU(2)R × U(1)B−L. With this breaking, the 30 states
(from 45H) absorbed by superheavy gauge fields, become
genuine Goldstones. These are the fragment (6, 2, 2)
[given in (2)] plus SU(3)c’s triplet-antitriplet pair 3Σ, 3¯Σ
coming from Σ(15, 1, 1). The remaining fragments of
45H should gain large masses. Moreover, with W
(16)
H ’s
terms, such as λSS(i16H16H+v
2
R), one can have 〈νCH〉 =
〈νCH〉 = vR, inducing the breaking G3221 → GSM. The
spontaneous breaking W
(16)
H ’s global U(16) would give
unwanted pseudo-Goldstone modes. However, the su-
perpotential W
(45,16)
H ⊃ λi4!M∗ 16H452H16H coupling will
break U(16) but, due to the 〈45H〉 configuration, ren-
der some global symmetries. In particular, using in this
coupling the VEV 〈45H〉 = 〈Σ〉 ∝ QB−L [see Eq. (2)
and the comment below it], the bilinear terms with re-
spect to the states 16H = {fH}, 16H = {f¯H}, where
fH = {νcH , ecH , lH , ucH , dcH , qH}, will be
λ
M∗
16H45
2
H16H → λ
V 2B−L
M∗
∑
f f¯H(Q
f
B−L)
2fH + · · ·
= λ
V 2B−L
M∗
(
ν¯cHν
c
H + e¯
c
He
c
H + l¯H lH
)
+ λ
V 2B−L
M∗
1
9
(
u¯cHu
c
H + d¯
c
Hd
c
H + q¯HqH
)
+ · · · , (3)
where I have displayed terms not respecting the U(16)
global symmetry. However, due to the relationMfH f¯H ∝
(QfB−L)
2, as seen from (3), the second and last lines
possess U(4) and U(12) symmetries, respectively. The
U(4) global symmetry, which has leptonic states, is spon-
taneously broken down to U(3) by the VEVs 〈νCH〉 =
〈νCH〉 = vR. Because of U(4)→ U(3) breaking the seven
Goldsones emerge. Among them, three – one SM sin-
glet and the pair ecH , e¯
c
H – are genuine Goldstones ab-
sorbed by the coset [SU(2)R × U(1)B−L]/U(1)Y gauge
fields. The states lH and l¯H , having the quantum num-
bers of the MSSM Higgs superfields, emerge as light (as
desired) pseudo-Goldstone modes. The remaining frag-
ments, given in the last line in (3), will be heavy.
However, for this mechanism to be realized, some care
needs to be exercised. The λ coupling term, with nonzero
TABLE I. U(1)A and Z4 charges Qi and ωi of the superpoten-
tial and superfield φi. The transformations under U(1)A and
Z4 are, respectively, φi → e
iQiφi and φi → e
iωiφi; ω =
2pi
4
.
W 45H 16H 16H S S1 10H 10
′
H 16i
Qi 0 0 −5 1 0 4 −6 6 3
ωi 2ω ω −ω ω 2ω 0 0 ω ω
〈νCH〉 = 〈νCH〉 = vR, would also trigger the VEV of
45H in the I3R direction, i.e., the VEV of ΣR(1, 1, 3)
of (2) with the 〈ΣR〉 = VR ·Diag (1,−1) configuration
in SU(2)R space. As expected, VR ∼ λv2R/VB−L. This,
in (3), would introduce U(4) symmetry-breaking mass
terms∼ λ2v2R/M∗. Thus, the PGB’s mass – the µ-term
– will be µ ∼ λ2v2R/M∗. For its proper suppression,
for vR = 10
16−17 GeV, M∗ ≃ 2.4 · 1018 GeV, we need
λ <∼ 10
−6. Besides this, terms such as 16H45
2n+1
H 16H
and (16H16H)
k+2 (n, k = 0, 1, 2, . . . ) should be absent
or adequately suppressed. Below, I present the model
where all this is naturally realized; i.e., smallness or ab-
sence of any coupling will follow from the symmetries (we
will invoke).
III. MODEL WITH ALL-ORDER NATURAL
HIERARCHY
Realizing the mechanism described above, we augment
the SUSY SO(10) GUT by U(1)A×Z4 symmetry, where
U(1)A is an anomalous gauge symmetry and Z4 is dis-
crete R symmetry. For symmetry breaking and all-order
DT hierarchy, the anomalous U(1)A was first applied in
Ref. [17] [within the PGB SU(6) GUT] and was proven
to be very efficient for realistic SO(10) model building
[9, 12]. Besides the states 45H , 16H and 16H , we intro-
duce two SO(10) singlet superfields S and S1, which will
be used in superpotential WH of Eq. (1). In Table I,
I display the U(1)A × Z4 transformation properties of
these fields together with other states (introduced and
discussed later on). Note that, under Z4 symmetry, the
whole superpotential transforms as W → −W . Thus,
the relevant superpotential couplings are
W
(45)
H =
1
2M45tr(45
2
H) +
λ1
M3
∗
[tr(452H)]
3
+ λ2M3
∗
tr(452H)tr(45
4
H) +
λ3
M3
∗
tr(456H)
W
(16)
H = −λSS(i S1M∗ 16H16H + Λ2),
W
(45,16)
H =
λ¯iS1
4!M2
∗
16H45
2
H16H . (4)
With anomalous U(1)A, having the string origin, the
Fayet-Iliopoulos term
∫
d4θξVA is always generated [18],
and the corresponding D-term potential is
VD=
g2A
8 (ξ+
∑
iQi|φi|2)2→ g
2
A
8 (ξ − 4v2R + 4|〈S1〉|2)2. (5)
3At the last stage in (5), we have taken into account that
〈νcH〉 = 〈ν¯cH〉 ≡ vR, which ensures the vanishing of all D
terms of SO(10). With ξ > 0 and looking for the solution
of 〈S1〉 ≪ vR, the condition 〈DA〉 = 0 from (5) gives
vR ≃ 0.5
√
ξ . (6)
Next, we investigate the symmetry-breaking pattern
from the superpotential couplings given in (4). With
the branching 16 × 16 = 1 + 45 + 210 and noting that
452H identically vanishes in the antisymmetric 45 chan-
nel, the remaining relevant contraction [breaking global
U(16) symmetry] is in the 210 channel. Thus, under the
16H45
2
H16H term, we assume the invariant
(
16H16H
)
210
·(
452H
)
210
(see the Appendix for more details).
Writing 45H ’s VEV in SO(10) group space as
〈45H〉 = iσ2 ⊗Diag (VB−L, VB−L, VB−L, VR, VR) (7)
and imposing Fφi = 0, from the superpotential couplings
(4), taking into account that vR is fixed as (6), we obtain
〈S1〉 ≃ Λ2v2
R
M∗, 〈S〉 = − 3λ¯λSM∗V 2B−L(1 +
2VR
VB−L
+
V 2R
3V 2
B−L
), (8)
6(36λ1+6λ2+λ3)V
4
B−L+16(18λ1+λ2)V
2
B−LV
2
R+8(12λ1+λ2)V
4
R
= −M45M3∗ + λ¯〈S1〉v2RM∗
(
1 + VRVB−L
)
, (9)
(16λ1+4λ2+λ3)V
5
R+4(12λ1+λ2)V
2
B−LV
3
R+2(18λ1+λ2)V
4
B−LVR
+ 16M45M
3
∗VR =
1
4 λ¯〈S1〉v2RVB−LM∗
(
1 + VR3VB−L
)
. (10)
From (8)–(10), one can see that the desirable VEV con-
figuration is obtained. Indeed, from (8), with vR ∼
1017 GeV [fixed from (6)] and Λ = (1013−1014) GeV, we
obtain 〈S1〉M∗ ≃ 10−8−10−6. Thus, an effective, and sup-
pressed, λ coupling (ensuring suppressed Higgs mass) is
generated. Small 〈S1〉 also ensures naturally suppressed
VR (in a limit 〈S1〉 → 0, one has the solution VR → 0).
At the leading order, in powers of 〈S1〉M∗ , from (8)–(10) we
get
with ΛvR ≪ 1 : VB−L≃
(
−M45M
3
∗
6(36λ1+6λ2+λ3)
)1/4
, 〈S1〉M∗ ≃ Λ
2
v2
R
,
VR ≃ −λ¯ 〈S1〉M∗
v2RM
2
∗
4(4λ2+λ3)V 3B−L
, 〈S〉 ≃ − 3λ¯λS
V 2B−L
M∗
. (11)
For the masses of lH and l¯H , coming from the 16H and
16H , we have (in the Appendix, I present the decomposi-
tion helping to compute the masses of this and remaining
fragments)
Ml¯HlH=
−6λ¯〈S1〉VB−LVR
M2
∗
(1− VR3VB−L)≃
(
Λ
vR
)4
3λ¯2v2RM∗
2(4λ2+λ3)V 2B−L
. (12)
The latter’s value, i.e., the µ term, with vR ∼ VB−L
and for ΛvR ∼ (1 − 2)·10−4 will be ∼ 1 − 10 TeV –
of desirable magnitude. Allowed higher-order operator
1
M5
∗
(S116H45H16H)
2 is harmless, because it contributes
to the µ term by the amount ∼ 〈S1〉
2V 2B−Lv
2
R
M5
∗
<
∼ 10
−2 GeV
(for VB−L, vR ∼M∗/30).
The masses of colored modes (from 16H , 16H) are
Mq¯HqH ≃Mu¯cHucH ≃Md¯cHdcH≡MT1≃−4λ¯
(
Λ
vR
)2 V 2B−L
M∗
, (13)
around ∼ 108 GeV.
Below, I show how MSSM Higgs doublets can have
desirable couplings to the MSSM matter and how nu-
cleon stability is ensured [19]. Before discussing these,
I give the scalar sector’s extension, which ensures de-
sirable Yukawa couplings and realistic phenomenology.
I introduce two scalar superfields in the fundamental
representation (10-plets) of SO(10): 10H and 10
′
H with
U(1)A × Z4 charges given in Table I. Thus, the relevant
superpotential couplings are
W
(16,10)
H = α1
S1
M∗
16H16H10H + λ
′10H45H10
′
H
+ α2
(16H16H )
3
M5
∗
10′H10
′
H (14)
(α1,2, λ
′ are dimensionless couplings), which, with no-
tations {lH , l¯H} ≡ {h16Hd , h16Hu }, give the doublet mass
matrix:
h16Hd h
10H
d h
10′H
d
MD =
h16Hu
h10Hu
h10
′
H
u


0 M¯ 0
0 0 λ′VR
0 −λ′VR M ′

+O(TeV) , (15)
with M¯ = α1
〈S1〉vR
M∗
, M ′ = α2
v6R
M5
∗
. (16)
In (15), the O(TeV) stand for possible corrections of the
order of (1−10)TeV (I will comment shortly) and are
harmless.
From (15), we see that one doublet pair, identified with
MSSM Higgs superfields hu and hd, is light. The remain-
ing doublets (denoted as D1,2 and D¯1,2) are heavy. An-
alyzing the matrix (15), the distribution of hu and hd in
original states can be found:
h10Hu = e
iφx |x|hu + · · · , h16Hd = hd,
with 1|x| =
1
|M ′|
(
|M ′|2+|λ′VR|2+ |λ
′VR|
4
|M¯|2
)1/2
(17)
the composition crucial for building a realistic fermion
pattern (especially for large top Yukawa coupling λt).
As far as other operators, allowed by symmetries,
are concerned, the couplings SS145HM3
∗
16H16H10
′
H and
S45H
M6
∗
(16H16H)
216H16H10
′
H with
〈S〉
M∗
∼10−4, 〈S1〉M∗ = Λ
2
v2
R
∼
10−8, vR, VB−L∼ M∗30 , will contribute to the µ term by an
amount of ∼ few TeV and therefore are harmless [20].
IV. YUKAWA COUPLINGS AND PROTON
STABILITY
All MSSM matter is embedded in SO(10)’s 16i-plets
(i = 1, 2, 3). Their U(1)A×Z4 charges are given in Table
4I. The effective operators, generating up- and down-type
quark and charged lepton masses, are
WY =Y
ij
U 16i16j10H +
452H
〈16H16H〉
Y ij
M∗
16i16j16H16H . (18)
The first term is responsible for the up-type quark
Yukawa couplings. According to (17), the 10H-plet in-
cludes the hu by the weight |x|, which with |λ′VR| ∼
|M¯ | ∼ |M ′| can naturally be |x| ≈ 0.5 − 1. There-
fore, the λt coupling can naturally have a desirable value.
On the other hand, the hd entirely resides in the 16H-
plet, and down quark and charged lepton masses are
emerging from the second term of (18), which can be
obtained by integrating out heavy vectorlike fermion su-
perfields. For instance, with additional 10f states [with
U(1)A × Z4 charges Q10f = 2, ω10f = ω] and cou-
plings [y
iα
M∗
16H45H16i10fα − καβ4M∗ 16H16H10fα10fβ], one
can see that integration of 10f states (gaining masses
after substitution of the VEV 〈16H16H〉) leads to the
second term of (18) with Y ij ≃ (yκ−1yT )ij . Note that,
the 452H can couple to the third family by the contrac-
tion tr(452H) [i.e.,
tr(452H)
〈16H16H〉
16316316H16H ] and, there-
fore, one can have λb = λτ – the bottom-tau unifica-
tion – at the GUT scale. The couplings yiα and καβ
can also be obtained via renormalizable interactions. For
example, having additional 16f and 16f states [with
Q16f=−Q16f = 3 and ω16f = 2ω, ω16f = 0] and superpo-
tential terms 16i45H16f+16H10f16f+Mf16f16f , decou-
pling of 16f and 16f generates a term with y
iα coupling
above. I will not discuss here more details (should be
pursued elsewhere), but emphasize that after the GUT
symmetry breaking some fragments from 10f , 16f and
16f can have masses below the GUT scale and their con-
tribution, as thresholds, may play an important role for
the gauge coupling unification (discussed at the end).
The right-handed neutrinos νci are gaining masses(≡
MR) via the effective operator (16i16H)
2 (16H16H)
2
〈S〉M4
∗
, which
can be generated by decoupling the SO(10) singlets with
masses∼ 〈S〉. With 〈S〉M∗ ∼10−4, MR∼
v6R
〈S〉M4
∗
≈1014 GeV
indeed of desirable values, generating the light neutrino
masses ∼ 0.1 eV via the seesaw mechanism [3]. Before
discussing d = 5 proton decay, note that 10′H ’s cou-
plings with matter 1M8
∗
(16H16H)
3S45H16i16j10
′
H →∼
10−1416i16j10
′
H are so suppressed that they should be
completely ignored.
The couplings in (18), after substituting appropriate
VEVs, besides the Yukawa interactions
WY → (qYUuc + lYUνc)hu + (qYDdc + ecYEl)hd , (19)
also generate couplings
1
2qYUqT10H + qYU lT¯10H + qYqllT¯16H (20)
(with notation T¯16H = d
c
H). Integration of the triplet
states, forming the mass matrix coupling T TMTT , leads
૚/Ƚ࢏
4 6 8 10 12 14 16
10
20
30
40
50
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FIG. 1. Gauge coupling unification within the presented
SO(10) model. The spectrum of states is given in Eq. (24).
to a baryon number-violating LLLL d = 5 operator:
OLLLLd=5 = 12 [qYqll(M−1T )12 + qYU l(M−1T )22]qYUq . (21)
The triplet mass matrix, derived from the couplings (14)
and taking into account (13), has the form
T 16H T 10H T 10′H
MT =
T16H
T10H
T10′H


MT1 M¯ 0
0 0 λ′VB−L
0 −λ′VB−L M ′

 , (22)
from which (M−1T )12 =
−M¯M ′
MT1 (λ
′VB−L)2
and (M−1T )22 =
M ′
(λ′VB−L)2
. For λ′ ≃ 1, the mass scales MT1 ≃ 108 GeV,
M¯ ≃ 3 · 1011 GeV and M ′ ≃ 8 ·1011 GeV, whose values
are dictated from (13), (16) and desirable phenomenol-
ogy [remember, the value VR ≈ 5 · 1011 GeV obtained
from (11) and the need for |x| ≈ 0.5−1 of (17) giving the
needed value of λt, so, we take |λ′VR| = 5·1011 GeV], and
with VB−L ≃ 8·1016 GeV, we obtain (M−1T )12≃ 12.7·1018GeV
and (M−1T )22≃ 18·1021GeV . These ensure the adequate sup-
pression of d = 5 operators in (21) [21]. Remarkably,
although the color triplets from 16H and 16H have in-
termediate mass [∼ 108 GeV; see Eq. (13)], the model
allows one to have a stabile nucleon and therefore be fully
self-consistent.
V. GAUGE COUPLING UNIFICATION.
Finally, let us discuss the impact of some interme-
diate states, populating the ’desert’ between the elec-
troweak and GUT scales. From (22), one triplet pair
has massMT1 given in (13) (together with the remaining
colored states). We denote the masses of the remaining
two triplet-antitriplet pairs by MT2,3 . These and heavy
doublets’ masses MD1,2 are found from (22) and (15):
MT2,3 ≃ |λ′VB−L| and 2M2D1,2 = |M¯ |2+|M ′|2+2|λ′VR|2 ±[
(|M¯ |2−|M ′|2)2 + 4|λ′VRM ′|2
]1/2
. Moreover, from 45H
5come a colored octet (with massM8) and SU(2)L triplet
(with mass M3). One physical e
c + e¯c pair, with mass
Mec
H
, comes from the superposition of the correspond-
ing fragments from 45H and 16H , 16H (the orthogonal
combination is and absorbed Goldstone). A similar thing
happens with the scalar supermultiplets having the quan-
tum numbers of ucH , qH , u¯
c
H and q¯H . We will denote the
masses of the corresponding physical states by Muc
S
and
MqS . From Eqs. (4), (11), and (13), we have
M8
8λ2+4λ3
≃
M3(ec
H
)
4λ2+λ3
≃ 6V
4
B−L
M3
∗
and MucS(qS) ≃ Md¯cHdcH ≃ MT1 . From
the vectorlike heavy matter 16f , 16f , 10f [discussed af-
ter Eq. (18)] we assume that nf pairs of u
c
f + u¯
c
f and
lf + l¯f happen to have masses Muc
f
and Mlf , respec-
tively, below the GUT scale MG. Thus, their thresholds
will also contribute to the gauge coupling running. With
all this, imposing the unification condition for the gauge
couplings at scaleMG, from renormalisation group equa-
tions we find α−13 (MZ) = [α
−1
3 (MZ)]MSSM+∆3, where
[α−13 (MZ)]MSSM corresponds to the value one would have
obtained within the MSSM. ∆3 includes corrections from
additional states (below the MG scale) of our model:
∆3=
3
14pi ln
(
MD1MD2
MT2MT3
)3
M83M
2
G
MT1M
2
ec
H
M78
(
MG
Muc
f
)5nf(
MG
Mlf
)3nf
+δ
(2)
3 .(23)
The δ
(2)
3 stands for a two-loop correction, taken into ac-
count upon numerical calculations. Between the thresh-
olds’ masses, the reasonable (and fairly natural) bal-
ance, giving successful gauge coupling unification, can
be found. For instance, with the choice
MD1 ≃ 3.6 · 1011, MD2 ≃ 1.05 · 1012, MT1 =108,
MT2,3≃MG=8 · 1016, M8 ≃ 2.29 · 1014,M3(ecH ) = 1013,
Muc
f
≃7.38 ·1013, Mlf ≃1.04 ·1015, nf =3 (24)
(all masses are given in GeV), the gauge couplings meet
at the scale MG≃8 ·1016GeV, as displayed in Fig. 1, and
the unified gauge coupling is αG(MG) ≃ 0.214 [22]. This
shows how the presented scenario gives consistent gauge
coupling unification.
VI. SUMMARY
The main result of this paper is the novel mechanism
suggested within the SO(10) GUT for the Higgs particle
being the light pseudo-Goldstone mode. Moreover, re-
alizing and demonstrating the proposed mechanism, an
explicit model with a fully realistic phenomenology has
been constructed.
Within a scenario by the proposed mechanism, it is
tempting to address in detail more phenomenological is-
sues. Also, it would be interesting to investigate the ori-
gin of various exploited higher-order operators through
renormalizable interactions, together with possibilities of
suppressing the VR (the 45H ’s VEV in the I3R direction).
For this, the proposal of Ref. [10] can be applied, which
as shown in Ref. [12] (within a different construction) can
be very efficient when supported by anomalous or/and
discrete symmetries. The latter, instead of be global,
can arise from discrete gauge symmetry [23] having a
stringy origin. It is tempting to use such symmetry as
a flavor symmetry (gaining more motivation) and study
related issues in more detail. In this paper, I preferred to
stay with the minimal setup, so I have not pursued such
possibilities. All these, supported by the mechanism dis-
cussed here, open wide prospect towards novel SO(10)
GUT model building and motivate one to study related
phenomenology, such as the fermion mass pattern, neu-
trino oscillations, leptogenesis, and proton decay rates.
The latter still needs to be probed by ongoing nucleon
decay search experiments [24].
APPENDIX. DECOMPOSITION OF W
(45,16)
H
The invariant
(
16H16H
)
210
·(452H)210, which we assume
to appear in the superpotential coupling W
(45,16)
H of Eq.
(4), in explicit SO(10) index contractions, is
(
16H16H
)
210
·(452H)210 = 〈16TH |BΓiΓjΓmΓn|16H〉Φ[ijmn])
with Φ[ijmn]=45ijH45
mn
H −45mjH 45inH+45imH 45jnH . (25)
Here i, j,m, n = 1 − 10 and Γ’s are gamma matrices in
SO(10)’s spinorial representation and B is the analog of
the charge conjugation operator for SO(10).
With SO(10) → SU(4)c × SU(2)L × SU(2)R decom-
position of (2) and
16H = FH(4, 2, 1) + F
c
H(4¯, 1, 2) ,
16H = F¯H(4¯, 2, 1) + F¯
c
H(4, 1, 2) (26)
the relevant couplings, extracted from the operator of
W
(45,16)
H in terms of SU(4)c × SU(2)L × SU(2)R’s frag-
ments, will be:
i
4!
(
16H16H
)
210
·(452H)210 → 12
(
F¯HΣ
2FH + F¯
c
HΣ
2F cH
)
− 2F¯ cHΣΣRF cH + 2F¯ cHΣ2RF cH
− ( 18 trΣ2 + 12 trΣ2R) (F¯HFH + F¯ cHF cH) . (27)
Factors in (27) correspond to the normalization of the
VEVs:
〈Σ〉=VB−L ·Diag(1, 1, 1,−3) , 〈ΣR〉=VR ·Diag(1,−1) ,(28)
where 〈Σ〉 and 〈ΣR〉 are given in SU(4)c and SU(2)R
group spaces respectively. From these one can easily ob-
tain the results presented in Eqs. (8)–(10), (12), and
(13).
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